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UNIVERSITY OF CALIFOKNIA, DAVIS

April 14 1999

CALFED Bay-Delta Program Office
1416 Ninth Street, Suite 1155
Sacramento, CA 95814

Proposal Title: "Fish Treadmill-Developed Fish Screen Criteria for Native
Sacramento-San Joaouin Watershed Fishes"
Principal Investigator - Joseph J. Cech Jr.

Dear Colleague:

it is a pleasure to present for your consideration the referenced proposal.

It is our understanding that for purposes of determining applicmtt category,, The Regents ",~11 be classified
as "State" thereby resulting awards will only include the terms identified in Attachment D of the 1999
Proposal Solicitation Package as "Terms and Conditions for State (CALFED) Funds" and "Standard
Clanses-Interagency Agreements".

The Uaiversity takes exception to clauses pertaining to Substitution, Rights in Data and Indemnification
as detailed in Attachment D. On behalf of The Regents of the University of Caiifomia, we hereby reserve
the tight to negotiate said clauses as detailed in the Proposal Solicitation Package should this proposal
result in a subsequent award.

Please call on the principal investigator for scientific information. Administrative questions may be
directed to me or to Petrina Ho by telephone, facsimile or electronic mail at the numbers specified above.
We request that con’espondeuce pertaining to this proposal and a subsequent award be sent to the Office
of Research and to the principal thvestigatur.

Sincerely,

a M. Dowdy
Contracts & Grants Analyst
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FISH TREADMILL-DEVELOPED FISH SCREEN CRITERIA’FOR NATIVE
SACRAMENTO-SAN JOAQUIN WATERSHED FISHES

IL EXECUTIVE SUMMARY

The Fish Treadmill Project is an ongoing, multi-agency research effort to quantitatively
evahmte the performance and beha~Aor of small Delta and upstream fishes in multi-vector flows
near fish screens for the purpose of developing fish screen design, flow~ and operational criteria
that reduce adverse impacts of woter diversion~ on these species. This proposal requests funding
from CALFED to conlinue the project for a period of 13.5 months (August 16, 1999-September
30, 2000) in order to complete ongoing experiments with delta smelt, splittail and ahinook
salmon, and to conduct experiments wilh steelhead trout and other priority species.

Instailatinn offish screens and improvements to exlstiag fish screen facilities have been
ideutified by CALFEO as activities that provide direct benefits to fish resources, habitats, and
ecosystem processes by reducing stressors associated with water diversions (ERPP, Vol. 1, p.
425). However, present fish screen criteria are based on limited data from (usually) unrealistic
flmr~ studies with salmonids and non-native fisher (e.g., the delta smelt criterion is based on data
from American shad). For many nitlive fishes of the Sacraraento-San Joaqttin system, including
listed species like delta smelt and spli~tail, these criteria iltay be inadequate and confer no
protection from entrainment and impingement, or overly protective and thus unnecessarily costly
to water diverters. The Fish Treadmill project was specLfically proposed and designed by
cooperative, multi-agency partners to ’,~ddress these information gaps for priority native fishes and
to provide timely, relevant, and comprehensive data that could be applied to design, operate, and
adaptively mintage screened water diversions that more effe~ively protect Sacrmugnto-Sau
Joaquin watershed fish resources.

The Fish Treadmill is a large circular flume equipped with a fish screen~ aniquely capable
oftesth~g snmll, delicate fishes like delta smelt in a wide range ofindepandently controlled
approach and swcepit~g velocities, q~ae apparatus is operational, calibrated for a wide range of
flows, and staffed with highly qualified personnel. The biological study plan and quafity
control/assurance plan, developed through rigorous multl-agency discussion, review and pilot
studies, have been approved by the existing contract Quality Assurance Officer (I<L Bates,
consultant to DWP.) and met, abets of the quarterly review panel (DW1L DFO, NMFS, USFWS).
Unlike field-based studies at large fish screen facilities (e.g., Tracy Fish Fa~ility), the Fish
Treadmili al!ows detailed, quantitative observations on fish performance (e.g., impingement,
survival, injury, stress) and behavidr (e.g., swimming velocity, velocity past screen) under
controlled flow and envirotmaental (e.g., tenaperature) conditions during the day (light conditions)
and night (dark co~ditio~.s): For each species, results ol~experimants will be applied to determine
optimal screen flow conditions that minimize impingement, screen exposure ditration, and
mortality. Comparisons among mid between species, size classes, environmental conditintm, and
r.ime of day will provide data for developmant of adaptive managemant strategies tbr screened
water diversions.

The Fish Treadmill project is ongoing and presently funded exclusively by DWR. To date
(] .5 years into a plarmed three-year biological study program), experiments have been conducted
with delta smelt (approxin~ately 40% complete), spliltidl (approxinmtely 80% complete), and
chinook salmon (approximately 70% complete). This proposal requests Ctmding from CALFED
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for the reraalnder of the planned research program in order to complete these experiments and to
conduct experiments with steelhead trout and other priority species. The Fish Treadmill project
should be funded bs* CALFED for several reasons. It addresses a major slressur, water
diversions, and is specifically designed to produce the scientific information necessary lbr
CALFED to reduce the adverse impacts of the stressor by installation of protective fish screens.
Results oftbAs project will provide benefit to 1 lofthe 14 Ecological Management Zones de~a~ed
by CALFED (most located in the Bay/Delta and malr~stem rivers) and to virtually all of the
highest priority fish species (delta smelt, splittail, chinook salmon, steelhead trout). For example,
in the Sacramento-San Joaquin Delta Ecological Managemeat Zoa¢. reduction of entrainment and
impingement losses of fish at water diversions is identified as a ~arge~, with replacement/upgrades
oFthe SWP. CVP. and PG&E screens idantified as specific programmatic actions (ERPP, Vol. 2,
p. 110Y For protection of fishes like delta smelt and splittail, results of the Fish Treadmill project
vA1] be very useful in developing design and operatioo.al criteria for these new/upgraded fish
screens. By developing the data and technology ~o reduce water diversinn impacts, the project
has links to other ecos,vstem elements and CALFED goals, including native species recovery and
conservation (CALFED Goal 1 ), improving recreational and commercial fisheries (CALFED Goal
3). mad rehabilitation and protection of natural processes (CALFED Goal 2), sancessful
~mplementation of the CVPIA and of recovery measures for ESA listed species, and non-
ecosystem benefits like water supply reliability. Continuation and completion of the Fish
lYeadmill project has multi-agency support, including CALFED (ERPP, Vol. 1, p. 428-429),
DWR, DFG, USBR, NMFS, and USFW$.

CALFED funding is requested to support the operation of the Fish Treadmill eUCD
Hydraulics Laboratory), implementation of the biological studies (UCD Fish Physiology Group),
and DFG assistance for fish collection and participation in the experiments. DWR has agreed to
share costs by providin$ funding to support one s~ientifi~ aide for assistance with the biological
studies. Cost oftbe projec~ depends on funding source: $823,000 if limded through a State
agency and $1.036.821 if funded through a federal agency. 1"here are no adverse or third party
impacts of this project.

The principal investigator, Dr. $oseph ]. Cech, Jr.. is presently the co-principal investigator
for the ongoing Fish Treadmill biological studies. Atl o~her staff, including co-principal
investigator Dr. M. L. Kawas ~supervtsor for Fish Treadmill operation and hydraulic studies), and
co-investigators Drs. Christina Swanson and Pacicncia S. Yoang (managing biologists for the Fish
Treadmill biological studies), Dr. Z. Q.Chen (managing engineer for Fish Treadmill operation and
hydraulic studiesk and Robert Fujimura (DFG. interagency liaison and fish collection supervisor)
participated in the development of the Fish Treadmill project and are presently actively involved in
the progrmn
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IlL PROJECT DESCRIPTION
A. Proposed Scope of Work
1. Introduction

The Fish Treadmill Project is an ongoing, tnulti-agency research effort to quantitatively
evaluate the performance and behavior of sn~all Delta and upstreana fishes in multi-vector flows
near fish screens for the purpose of developing fish screen design and operational criteria that
improve fish protection and passage. This proposal requests funding from CALFED to continue
the project for a period of 13.5 months ~,August 16. 1999-September 30, 2000] hi order to
complete ongoing experiments with delta sn~elt, splittall and climook salmon, and to conduct
experiments with steelhead trout and other priority species.

2, Background

hi the !ate 1970s. California Departmant ofFish and Gan~ conducted pioneering studies to
investigate the performance of small fishes exposed to two-veetur flows (i.e., an approach ttow
through the screen and a sweeping flow past the screen) near a positive barrier fish screen (Kano,
1982). The hatended appfication of the results was to aid in the design of on-river fish screens for
the proposed Peripheral Canal. The test flume, study design and implementation, and results
obtained were limited in scope. Ordy a narrow range of epproach and sweeping flow combinations
was tested (range: 0.1-0.35 fl/s approach velocity, 0.16-0.95 fi/s sweeping velocity). All tested
fishes excepI chinook sahimn were non-native (e.g., Amedcen shad, striped bass), and pos~-
exposure survival was the only response measured. No data on fish performance (e.g.,
inapingemenu or behavior (e.g., swirmmn~ behavior, screen passage velocity) were collected during
the 6-hour test exposure periods. However, It is the results of these studies that were the bases for
the presem approach velocity criteria for chinook salmon (0.33 fl/s) oaad delta smelt (0.2 fUs).

Recogntmng the need for more comprehensive understanding offish responses to fish
~reens, specific information on endangered native fishes, and the ability to address diflinult
questions reia~hig to screen design and operation (e.g.. ratio of approach to sweeping flow.
distance between bypass channels~, the Interagency Ecological Program F’rsh Facilities Techrdeal
Committee proposed the Fish Treadmill project. In 1994, Calilhrnia Department of Water
Resources contracted with the University of California. Davis (UCD), Hydraulics Laboratory to
design, and construct the Fish Treadmill. a large circular flume (Figure 1) in which complex flow
conditions (Figure 2 shtailar to those near screened water diversions could be createa, controlled.
and monitored (Principal Investigator: M. L. Kawas, Department of Civi] and Environmental
Engineering). During the design, construction, and calibration phases, extensive discussions with
biologists and engineers fi:om state and federal agencies (DFG, DW1L NMFS, USFWS: USBR),
UCD, outside consultants, and other interested parties (e.g., Metropolitan Water District)
formulated the biological studies to be conducted with the Fish Treadmill, including experhriental
design, fish spec es, methods and measurements, and quality control and assurance protocols. In
October 1997, biological studies with delta smelt, splittail (young-of-the-year), and chinook
salmon (parr and smolts) were begun by the UCD Fish Pliysiology Group (Principal Investigator:
Joseph J. Cech, Jr., 1)epurtmant of Wildlife, Fish, and Conservation Biology) v~Sth extensive
cooperation from DFG and DWR. By the corapleflon of the presenl contract (DWR contract B-
81622, end date: August 15, 1999), experiments with splittail and chinook salmon will be nearly
completc but those with delta smelt, a priority species considered hi~aly vulnerable to water
diversions, will be less than half done. Other priority species, such as steelhead m~d longfm smelt,
remain to bc tested.
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Cro~ ~ectlon of the Fish Treadmill Apl~ratu~

Water Circulation in the Fish Treadmill Facility

Figure 1. Diagrm~s of the Fish Treadmill apparatus
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Top view of the Fish Treadmill swimming channel showing the approach and sweeping v~loeity
flow vectors.

Figure 2. Top view and side vicw diagrams of the Fish Treadmill swknarkag chaanel. Top view
diagram shows the approach, sweeping, snd resultant flow vectors controlled in the channel.
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3. Objectives and Approach

Objective 1: Quantimfive~ evaluate performance a~d behavior of small-size priority fishes (delta
smelt, splittail, chinook sahnoth steulhead trout) exposed to controlled multi-vector flows

Approach: Expose fishes to ten different approach and sweeping flow combinations (0-0.5 fl/s
approach velocity, 0-2.0 gJs sweeping velocity; nine experinlental flow regimes and a
control, Q l~’s) and a fish screen (3/32 ~ch vertical wedgewire) in the Fish Treadmill.
Measure screen contact, impingement, swinnving velocity, rheotaxls, location relative to
screen, screen passage velocity, and survival throughout the exposure period. Measure
survival, injury (e.g., scale loss, fm damage), and stress (e.g., plasma cortisol levels) after
the exposttre period.

Objective 2: Quantitatively evaluate the effects of species, season, time of day and fight level, and
fish size on fish performance and behavior h-, these multi-vector !lows ~ear the fish screen.

Approach: Compare fish performance and behavior (defined above) at the different flow regimes
among and between species at different seasonal temperatures (i.e., spring/winter vs
sunmaer]fall, 12°C vs 19°C), times of day and Iight levels (i.e., day under light conditions
vs night under dark conditions), and of different sizes (3-6 cm and >6 cm standard length,
SL).

Objective 3: In collaboration with state and feder~d agencies, suggest refinements for present fish
screen design, flow, and operalional criteria to improve protection of priory species.

Approach: For each of the tested species apply results to:
¯ determine optimal approach velocities for fish protection and water diversion.
¯ determine optimal sweeping velocities that maximize fish protection and screen passage.
¯ determine screen passage velocities and maximum allowable screen exposure durations.
¯ determine the effects of season (i.e., temperature, fish size) and time of day (i.e., day vs

dight) on fish performance and behavinr near fish screens to develop adaptive
management strategies for screened water diversions.

Biological studies with the Fish Treadmill are ongoing and the experinaantal alyproach,
design, methods, and analyses lmve already been subjected to rigorous discussion and review.
Descriptions of the work and preliminary results for delta smelt, splJttail, and chinook salmon
have been reported in several technJ.cal reports (Velagic et ni., 1998; Swanson et al. 1998a), IEP
Newsletter articles, and presentations at techrficed and snientifie meetings. Detailed descriptions
of all aspects of the project are provided in the Fish Treadmill Quality Assurance Project Plan
(Swansonet al. 1998b).

4. Proposed Work and Schedule

The proposed work and schedule outlined below arc based on successful completion of an
average of 4.5 experiments/week (INs experiment rate is consistent with that achieved durhag the
past 1.5 yea~s of work with the Fish Treedmfll) and contingent on adequate f~nding, personnel,
and fish av~dlability. Three tasks are identified (see VIII. Cost, for specific activities involved in
these tasks):

Task 1. Operatim~, mahltenance, m)d calibration of the Fish Treadmill;
Task 2. Biological experiments using the Fish Treadmill; and
Task 3. Fish Collection.
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The schednle of experiments for each species is determined by species priority rank,
seasonal availability (most species are available in the appropriate sizes during lh~md seasonal
periods), and the numbers and types of experimcnts required to complete experimental datus~ts
defined in the Fish Treadn~ll experimental dcsisn and project plan. Preliminary data analysis ~s
conducted concurrently with the experiments. Final data analyses and preparation oftbe fma]
report will be completed by November 1, 2000. Project management will be conducted by the
Priecipel Investigator, L L Cech, Jr. 0ACD, Biological studies), and co-investigators M. L.
Kavvas (LTCD, Fish Treadmill operation) and R. Fuj~mura (DFG, liaison and field fish collection).
Delta smelt: Complete ongoing expariment~ in 12 and 19°C, day and N~ht, 80-100 experiments,

requires 2000 live fish, August 1999-February 2000.
S~eelhead trout: Conduct expeffunants with parr, 3-5 cm SL, 12°C; day and night experiments,

60 experiments, February 2000-June 2000.
Splittail: Complete ongoing experiments in 12 and 19°C, day and ~ght, 40 experiments, August

1999-June 2000.
Chinook salmon: Complete ongoing experiments, 19°C, day and night, 20-60 experiments

(depending on number of experimants cempleted in 1999), June 2000-July 2000.
Longfin smeR, American shad, striped bass: Conduct experknvnts with young-ot=the-yvar fish,

1 9°C, as time and fish availability permit.

B. Location and Geographic Boundaries

The stmssors, hahitats, and species addressed by this project are located :in [ 1 ~fthe 14
Sacramento-San Joaquin watershed Ecological Management Zones idemified by CALFED to
contain scrceacd ~d unscreened water diversions, proposed new water diversions (e.g., lbr new
off-stream storage, Sacramento River), and/or exisling water diversions for which new or
upgraded fish screens are proposed (e.g., Clifton Court Forehey at the SWP, Traey Fish Fae’dity
at the CVP) (ERPP, Vol. 1, p 424). The quantitative data generated by this laboratory-based
project will be immediately applieable and complementary to ongoing and proposed field
evalualions of large screened diversious (e.g., Tracy Fish ]:acilhy Improvement Program, Glenn-
Coinsa Irrigation District, GCID, screen evaluation program). In addition, the resulls of this

¯ project will be broadly appficable to IEP agency and CALFED decision makers to assess and
predict the beneficial eflc~cts of various screenh~g strategies :[’or proposed CALFED alternatives.
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IV. ECOLOGICAL/BIOLOGICAL BENEFITS AND TECHNICAL JUSTIFICATION
A. Ecological/Biological Objectives

Installation offish screens mad improvement~ to exizti~g fish screen facilities have been
identified by CALFED as activities that provide direct benefits to fish resources and tim
ecosystem by reducing stressors associated with wmer diversions. The Ecosystem Restoration
Program Plan (ERPP, Vol. 1, p. 425) contends that a %veil-designed fish screen based on proven
technology is effective in reducing entrainment and impingement losses of many species of
juvenile fish". For most native fishes of the Sacramento-San Joaquin system, there is no
"proven technology". Most existing and planned fish screens have l~an designed and operated
to meet screen flow aad exposure duration criteria based on limited data from (usually) unreafistic
flume studies with salmonidz and non-native fishes (e.g., the delta smelt criterion is based on data
from American shad). For many native species, including listed species like delta smelt and
splittail, these criteria may be inadequate and confer no protection ~om entrainment and
impingement, or overly protective and Ihns urmecessarfly costly to water diverters. The Fish
Treadmill project was specifically proposed and designed by cooperative, muhi-agency partners to
address these information gaps for priority native fishes (e.g., delta smelt, splittail, steeIhead trout,
chinook salmon) and to provide timely, relevant, and comprehensive data that could be applied to
design, operate, and adaptively manage screened water divers’ions that more effectively protect
Sacramento-San Joaquin watershed fish resources.

The primary eeological/biologioal objective and benefit of the Fish Treadmill project is to
provide the data necessary to develop ~he "proven technology" for protective positive barrier fish
screens fbr priority native fishes in the Saeramento-San Joaquin watershed. These data will be
useful to cstabfish or refine fish screen design criteria (e.g., distar~e between poas~le fish bypass
ch~els), flow criteria (e.g., approach and sweeping velocities), and operational cxiteria (e.g.,
differential or adaptive operation for different species, seasons, or day vs night). Secondsry
objectives and benefits include: providing complementary data for ongoing and planned fish
screen evaluations at the full-seale fish screen facilities (e.g., Tracy Fish Facility, GCID);
providing baseline data, an experimental approach, and an experimental platform lhr further
studies, for example, evaluations of the eft~cts ofdebrls and/or screen cleaning methods on fish
performance and behavior.

The experimental approach and use oflhls laboratory-based system for biological
evaluation offish responses to complex flows near a fish screen will provide greater direct benefit
than field or other flume studies for several reasons.

l. The Fish Troadmill is uniquely capable of testing fish under a wide range nf approach
and sweeping flow combinations (c.g., high approach velocity combined with low sweeping
velodity or low approach velocity combined with kigh sweeping velocity) and thus provides
opportunities thr detailed examhnatinns of the interactive effects of multiple flow vectors. For
example, preliminary, results wlih delta smelt have suggested that both flow vectors significantly
affect protection (e.g., survival) and passage (i.e., velocity past screen and thus exposure
duration).

2. Detailed observations of fish behavior (e.g., frequency of contact with the screen,
swimming behavior, velocity past screen) provide valaable int-ormation on important aspects of
fish perfomaance and behavior near fish screens, particularly when correlated with complementary
data in survival, injury and stress. Observations of fishes near fish screens installed at water
diversions in the Delta (e.g., Tracy Fish FacLlity) or on rivers (e.g., GCID) are logistically and
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tecimically difficult because turbid water conditions limit visibility ~)r human or video
observations. Fur~har. artificial introduction and post-expoanre collection of test fish at a field
and/or large-scale diversion ~e.g., Tracy Fish Facility) is difficuR and probably more stressfi.d to
the fish, especially at night. Thus. the effects of exposure to the flow and screen cannot be easily
separated from the stressf~d effects of field handling.

3. Flow and environmental conditions (e.g., temperature, light levels) can be precisely
controlled and reproduced in the Fish ’treadmill, enabling the replication of experin~ntal
treatments rrecessary fbr statistical annlyses to isoIste real detect significant effects of spec’~fic
~ctors. Environmental conditions in the field or at large facilities are inherently uncontrolled and
variable, and cannot be replicated.

4. The Fish Treadmill ls the only large scale tlsh screen test facility capable of testing
delicate, high priority native species (e.g., delta smelt) under realistic, controlled flow and
enwronmental conditions, and providing detailed quantitative data for tbe developmem offish
screen criteria. It is presently fully operational, calibrated for a wide range of flt, w conditions, and
staffed with qualilied~ trained personnel

B. Linkages

The Fish Treadmill project is an ongoing program~ currently supported b3 DWR
leoarraets B-59719 and B-8089g. ]994-1998. for Fish Treadmill fitml desig~ construction, and
preliminary biological studies: and B-81622. 1998-1999. for continuation of the biological studies:
results ofthase early Fish Treadmill studies are reported ha Vekagic et al., 1998, and Swanson et
al.. 19983. The project builds upon work by DFG ushag a smaller circular flume with a llsh screen
tKaao 1982) and upon which present fish screen flow criteria are based. The design of the
biological studies ~ing the Fish Treadmill was also based on results of previous work by the
UCD Fish Physiology Groul: on environmental biology and behavior of antive Delta and up,ream
fishes (e.g, delta smelt. Swanson and Ceeh. 1995. Swanson et al. 1996. 1998a and c: splittaiL
Young and Ceeh. 1996; chinook salmork Young et al. 1998). This work was also suppoeted by
DWR and IEP contracts. The Fish Treadmill projent directly complements and expand~ upon
other proposed and ongoing fish screen studies at operational water diversion.,* (e.g., C~CID, and
Red Bluff Diversion Danh~ RBDD, and the Tracy Fish Facility.

The Fish Treadmill biological studies were originally designed with a threc-year srady
schedule and an emphasis on native Delta fishes delta smelt, splittali, chinook salmon) and
American shad [.to produce data more directly comparable to Kano, 1982). By the end oftbe
present contract, 1.8 years oftbe biological studies will have been completed. During this period,
concern for lmfive Delta fishes has remained high and, because of proposed lhrge upstream fish
screen facilities (e.g, off-stream storage, Sacramento river) and upgrades to existhag facilities
(e.g., GCID), interem for threatened upstrean~ species like steelbead trout has increased.
Therefore, the focus of the Fish Treedmilt project during the Final 13.5 mouth has beeu shifted to
includc studics with these (and other) species.

The Fish Treadmill project addresses a major stressor, water diversions, and is specifically
de£tgned to produce the seientifie infi~rmntion necessary for CAI.FED to reduce the adverse
impacts of the stressor by installation ofprotecfive fish scree3as. Results of this project will
provide benellt to 1 loftha 14 Ecological Management Zones defined by CALFED (most located
in the Bay/Dclta and mainstem rivers) and to virtually all of the highest priority fish species (delta
smelt, splittail, chinook sahnon, steelhead trout). For example, in the Sacremento-San Joaquin
Delta Ecological Mmmgcment Zone, reduction of entr0?mment and impingement losses offish at
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water diversiov, s is idemified as a target, with replaenmem/ul~grades of the SWP, CVP, and
PG&E screens identified as specific programmatic actions (EILPP, Vol. 2, p. 110). For protection
of fishes lJk.e delta smelt and splittail, results of the Fish Treadmill project are essential to develop
the design and operational criteria for these new/upgraded fish screens.

Support for continuation of the Fish Treadmill project ard its scientific evaluation offish
perlbrmance and behavior near fish screens is identRied by CAt,FED as an activity that will help it
actdeve its strategic objective of reducing entra’mrr~nt of fish at water diversions in order to
inarease fish survival and population abundances to levels that contribute to the overall health of
the Delta and other beneficial uses of land and water (ERPP. Vol. 1, p. 428-429). By developing
the data and technology to reduce water diversion impacts, the project has links to other
ecos ~stem elemems and CALFED goals, including:

¯ native species recovery and conservation, with an emphasis on listed species like delta
smelt, splittai[, chinook salmon, and steelhaad trout iCALFED Goal 1);

¯ improving recreational and commercial fisheries (e.g., chinook salmor, steelhead trout)
(CALFED Goal 3);

¯ improving Bay/Delta food webs (rehabilitation and protection ofnstnral processes,
CALFED Goal 2);

¯ successful implementation o f the CVPIA (e.g., fish doubling goals); and
¯ successful implementation of recovery meas~tres for listed species (state and federal ESA).

The Fish Treadmill project also addresses at least two other Stage 1 expectations (ERPP,
Vol. 1, p 428-429), continued research on fish screen and rented facilities design, and
coordinating research and testing various screen programs. In addition, the Proposed Fish Facility
Teclinoingy Development Interagancy Technical Forum (members include representatives from
CALFED, DWR, DFG, USBR, NMFS, and USFWSI. in discussion of new technology
requirements for Delta fish facilities, agreed that technology development should include
cooperative research with UCD and the Fish Treadmill project, especially for refined programs for
studying criteria with sensitive species such ms delta smelt.

C. System-wide Ecosystem Benefits

Results of the Fish Treadmill project, when applied to improve fish screen design and
operation and thus reduce the adverse impacts of water diversions, will have broad_ system-wide
ecosystem benefits, affecting

¯ habitats (e.g., beth Delta and upstream habitats, including tidal perennial aquatic habitat,
instream aquatic haW~tat, and shaded riverine habitat);

¯ species, with an emphasis on priority, listed native species like delta stuck, meelhead trout_
splittail, and chinook salmon; and

¯ ecological processes (e.g., reducing losses ofjuveulle tines at water diversio~ will
hnprove Bay/Delta and upstream l"ood webs).

D. Compatibility with Non-Ecosystem Objectives

Fish Treadmill project results obtained for listed native fishes, species that can affect
operation of large water diversions (e.g., by take limits), have direct and timely application for
development, design, and operation of several large fish facilities integral to non-ecosystem
related CALFED objectives like water supply reliability. Fhese include the improvemenxs to the
Tracy Fish Facility, the Cli~on Court Forebay fish screens, proposed fish screens at upstream
diversion(s) tbr off-stream storage, and the CAL~’ED Isolated Conveyance alternative.
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V. TECHNICAL FEASIBILITY AND TIMING

The Fish Treadmill and the ongoing research program is the most appropriate and
curnpreher~ive approach to address questions tainting to spccifin as~pcets offish sm’cen design,
flow ~teria, and operation. "[his cooperative project, with the versatile, fiilly operational Fish
Treadmill apparatus, highly qualified staff, and associated fish co[lectinn and maintenance
fac~litias, is the only large scale fish screen test prograan capable oftestlng delicate, high priority
native species like delta smelt under wide ranges of realistic, controlled flow and environmental
conditions. The project will produce the detailed quartlitative data necessary for development of
fish screen criteria that protect n~ive priority fishes oftbe Sacramento-San Joaquin watershed.
There are no alternatives presently available or in piace to meet the slated objectives.

Tiffs project will occur in a laboratory setting and requires no CEQA, NEPA, or other
environmental compliance ductanents. Permits required to continue this pmjuct (e.g., DFG!IEP
collection permit, water discharge permits, and UCD animal care protocols) are approved or have
been submitted. A detailed Quality Assurance Project Plan has been approved. No zoning
regulations, planning ordinances or other constraints that could impact the schedule and
implementabillty oftbe project are known.

VI. MONITORING AND DATA COLLECTION
A. Biological/Ecological Objectives

The objectives of the Fish Treadmill projant are to: quantitatively evaluate the
performance [e.g., survival, fi~equency of contact with the fish scr~n, stress) and behavior (e.g.,
swlmmln8 velocity, rheotaxis, velocity pas~ screen) of small-size, priority fish species exposed to
controlied, mnlti-vector flows aear a fish screen; compare the responses among species and
environmental conditions: and interpret the data to determine protective fish semen design, flow,
and operational criteria. For each species, size class and environmental condition, determination
ofoptimat screen criteria wiil be based on comparisons of measured parameters among the
different flow regmaes. For example, optimal approach velocity may be that at which the
frequency of screen contact is minimized, or optimal sweeping velocity may that at which screen
passage velocity is highest and thus screen exposure duratinn is minimized. Results will also be
compared with all available fish performance and fish screen data te.g., Kano, 1982; results from
TFY, GCID. RBDD; other literature). Recommendatinns for specific screen criteria (e.g.,
approach velucity, maximum allowable exposure duration) and protection objectives (e.g., desired
level ofprotectiorL maximum allowable predicted screen contact number ~ will be made in
collaboration with our Interagency partners.

B. Monitoring Parameters/Experimental Variables and Data Evaluation Approach
The experimental design, methods and data evaluation approach of the Fish Treadmiil

project are complicated with many experimental variables and many measurements made dvxing
each experiaacm, r[herefore, the table fortr~at suggested by the CALFED PSP has been modified
lo better pre~nt the required information. The experimental variables and monitoring parameters
are outlined in Table 1 and the data collection and data evaluation approach in Table 2 (following
pages). During the period for which [hnding ~s requested, we wiil conduct experiments with delta
smelt (iuveallcs and adults), steelhend trout (parr), splittsil (young-of:the-year), and chinook
salmon (parr anti smo~tsk If rime, fish avaiiab’flity and funding permit, we will also test other
priority species (e.g., longfin smelt) and American shad (to compare with Kano, 1982l.
The schedule of experiments for eanh species is determined by species prinrity rank. seasonal
avaliabilily, and lhe numbers and types of cxpermaenrs required to complete experinaental datasets
defined in the Fish Treadmill experimental design and project piarL
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Table 1, Experimental variables and monitoring pm’ameters used in the Fish Treadmill
experiments.

FLOW (fl/s) Approach Sweeping
(10 flow treatments, 0 (control) 0 (control)
one control and 0.2 (6 cm/s] 0
nine experimemal) 0.33 (10era/s) 0

0.5 ( ! 5 era/s) 0
0.2 1.0 (31cm/s/
0.33
0.5 1.0
0.2 2.0 (62 trois)
0.33 2.0
0.5 2.0

TEMPEI,LA.TUILE 12°C: winter and spring
19 °C: summer and fall

TIME OF DAY~ Day, light level: 200-300 lux
LIGHT LEVEL Night, light level: 0-1 lux

FISH SIZE small: <6.0 cm SL
medium: 6.0-8.0 cm SL

NUMBER OF FISH 20 f~ (All fish used only one time in the
PER EXPERIMENT Fish Treadmill experiments.)

EXPE1LiMENT 2 hours
DURATION

POST-EXPERIMENTAL 48 hours (Some fish sampled for stress responses
EVALUATION during the post-experimental period.)

REPI,ICATES PER 3 replicates
TREATMENT

13
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To.hie 2, Measurero~nts made during eo.eh Fish Treadmill experin~nt.

Measurement type Definition Method
FLOW and
ENVIRONMENTAL
CONDITIONS
Approach and i~s and ¢m/s 3-D acoustic doppler veloclraeter.
Sweeping velocity M~sured at beginning and end of each experim~at

Temperature °c Measured at beginning and end of each experiment
Dissolved oxygen mg/l Measured at beginning and end of each exper~m~at
Light level lux Measured at beginnhag of each expwimenl

PERFORMANCE
Impingement prolonged (>5 rain) contact with screen measured visually throughout experiment
Screen contact temporary contact with screen measured visually throughout experiment
Sllrvival measured at 0 and 48 h post-experimental
lrljory damage to skiln, scales, fins, ~yes measured 48 h post-experimental

BEHAVIOR
Swimming velocity

PHYSIOLOGICAL RESPONSES
Hematocril (% red blood cells~
Plasma variables

pH

chloride ion concentration Ior osmolallty) randomly selected fish at
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C. Peer-r~view, Reports, and Publications

Qu’,krlerly reports will include financial status, activities during the quarter, tasks
completed, dclivembles produced, problems encountered, and a deseriptinn of modifications to
the contract. Status and results oftbe project will also be presented and discussed at quarterly
meet’rags oftl~ Interagency partners. UCD research staff, outslde consultants, and other
interested parties. The final teelmical written report will be submitted by November l, 2000.
Results of these studies will also be described in IEP Newsletter articles, and in manuscripts
submitted for publication in peer-reviewed scieatific journ,~ (e.g., Tr’,msactiom of the American
Fisheries Society, North American Journal of Fishery Management, Environmental Biology of
Fishes, Copeia, Journal of Experimental Biology, Conservation Biology, Hydrobiologia, and
Water Research). All data will be stored by the Principal Investigator for five years alter project
completion.

VII. LOCAL INVOLVIgMENT

The Fish Treadmill project is an ongoing University-based, laboratory program. All
required ]~otJficatiens and approvals (e.g., water discharge permit) to UCD, local governments,
lmadowners, environmental groups, and other in, rested organizat~ons are in place. Public
oulreach to interested parties (including academies, state mad federal agency personnel, local and
state media, and the general public) is ~ccomplished through scheduled quarterly meetings, IEP
Newsletter articles, journal articles in tile scientific and teclmical press, and related UCD press
~eleases.
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VIYL COST
A. Budget

A total of $1,036,821 (calculated at 46% overhead) is requested from CALFED for a 13.5
month effort to complete Tasks 1, 2, 3, and project n-~agement. If CALFED fimding is provided
through a State agency, overhead costs arc reduced from 46% to 10% and total costs are
$823,000.

Task 1. Fish Treadmill Operation, Maintenance, and Calibration: Tho ~ccess ofth~
project dcpettfis heav’fly on the proper fi~nction of the expe~macntal apparatus, the Fish Treadmill.
Phe UCD Hydraulics Engineering (iroup is responsible lhr this aclivity that includes: operation of
the Fish Treadmill during all e×perlmants; maintenance and repair of the Fish Treadmill; regular
change of anderground sump water; tempermure control of suml~ water; maintenance and
oversight of sump water quality (e.g. dissolved oxygen, atnmonim plL alkalinity, and hardness);
regular ealibrafton of approach and sweeping flow combinations in the Fish Treadmill swlmmmg
ehaanel; and report writing and presentation of results. Operation oftl~ Fish Treadmill during
experiments demands simultaneous and continuous adjumments by two engineers of incoming
flow and discharge, water depth in the swimming channeI, and the speed of the rotating ourer
screen. At least four part-time engineers are needed to ensure normal operation of the Fish
Treadmill for two shi~s each day. Additionally, they are also responsible for monitoring water
quality before, during, and after the experiments. Two part-time mechanical teolmicians are
needed for regular maintenance and repair of the Fish Treadmill.

Task 2. Biological Experiments: Biological studies using the Fish Treadmill are the
responsibility of the UCD Fish Physiology Group. Personnel from DFG and DWR participate m
some aspects of this task. This task inck~des: fish care and management: maintenance offish and
hokling tank water quality; preparation for and implementation of experiments; post-experimem
fish health and water quality: dat~ entry: data analyses; interpretation of resuits: report writing;
and presentation of results. Each experiment requires three to five researchers (depending on
experknental flow and time of day, i.e., day vs night) ~or preparation, implelnentation, and
immediate post-experiment activities. Each experiment "also requires approximately four hours of
motion analyses for fish behavior meast~rements, three hours of data entry and data quality
assurance record keeping. The continuing project also requires two new 2-hF chillers for proper
temperature comrol in fish holding facilities.

Task 3: Fish Collection: Fish field colicction (for delta smelt and, if tested, longfin smelt) is
prinmrily the ~esponsibility of the DFG. in collaboration with the UCD Fish Physiology Group.
This task includes: determining anllaetion site locations based on DFG field mortitoring data;
scheduling collection expeditions; operation and maintenance of fishing boat and collection gear:
and transpor~ ~fcolleeted fish to the tICD fish holding Ihcifities. Each fish collection expedition
for delta smelt involves at leo.st four people to operate the boat. check Delta water condition, set
and pull the purse seine, collect the fish, and transport the fish to UCD Each fish collection takee
approximately two hours boat and net preparation~ two hours actnal fish collection, two houm
post-anlleetian clean-up, and two hours post-transport fish care. Note that, in addition to this
tmsk. I)F(-i personnel also participate in Ta.sk 2. biological studies using the Fish Treadmill.

Project Management: Project management wi~l be conducted by the Principal Lnvestigator. L J.
Cech. Jr. (UCD. Biological studies. Task 2), co-principal investigmor M. L. Kawas 0dCD. Fish
Treadmill operation. Task II and R. Fujimura (DFG, liaison and field fish collection. Task 3).

16

I --01 31 84
1-013184



B. Schedule

Tasks 1 and 2 are interdependent and will t’,tke place concurrently throughout the 13.5
month period for whieh funding is requested. Activities in Task 3, fish collaetinn, wilt be
concentrated duriag the delta smelt coll6etion season, August 1999-December 1999.

Table 3. Cost Breakdown of Fundin .uested fi’om the CALFED Prosram

1 10,578 239,929 11,568 0 9,414 0 0 115,689 0 376,600
(25,150) (286,061)

2 13,892 295,447 30,000 10,000 4,725 10,000 6,000 15%066 0 513,238
(34,145) (390,317)

3 See Se¢ See S~ See See See 2,500 143,020 145,520

Table 4
~oje~ 68 1,002 0 0 0 0 0 461 1,463
,~t (100) (1,102)

All 33,448 649,526 46,948 12,000 14,139 10,400 6,000 275,716 1,036,821
tina~ (61,895) (823,000)

Table 4. Subcontcact Fundin~ for DI~ G (Task 3)

3    8,978 114,150    5.380    2.00000 0 143.020

Table 5. Quarterly Budget lbr the Fish Treadnfill Project. Budget 12gare~ arc calculated with 46%
overhead and 10% overhead (in parentbese~

Task Aug-Dec 99 Jan-Mar 00 Apr-Jun 00 Jul-Sep 00 Total Badget

1 125,523 83,689 83,689 83,689 376,600
(95,354) (63,569) (63,569) (63,569) (286,061)

2 177,745 I 11,831 l l 1,831 111,831 513,238
(136,772) (84,515) (84,515) (84,515) (390,317)

3 49, 006 31,338 31,338 31,338 143 020

Proj~;t 488 325 325 325 1,463
.... ~ (367) (245) (245) (245) (1,102)
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IX. COST-SHARING

To date, the Fish Treadmill project, includi~ design, construction, modifisation~ and
calibration of the apparatus, upgrades to the UCD fish holding facilities, fish fceld collection, and all
aspects of the hydraulic and biological studies conducted using the apparatus, has been funded
exclusively by DWR. DWR h_as also provided funding to DFG to offset their costs for partinipation in
the project (i.e.. assistance with fish field eolleetinn and e~pe~maental data enlleetion). For the period
for which funding ~s requested f~om CALFED in this proposal, DWR has agreed to contribute funds to
support at least one (1) full-time scientific aide (approximately $20,000) to assist with Fish Treadmill
project activities (e.g., fish collection and care, experimental set-up, date collection and preliminary
analysis). In additin~ UCD will contribute a percentage of two priacipal investigators’ salaries O- J,
Cech, Jr., 5%, and M. L. Kavvas. 10%) plus benefits for a total of $15.892. Thus. a total of $35,892
is contributed as cost sharing, leveraged funds (Table 6).

Table 6. Total (includha[~ "leverat~ed") fimding for t ~e project.

SOURCE OF’ FUNDING AMOU~NT

University o f California, Davis (matehil~g fcmds)15,892

Departmem of Water Resources (personnel) 20,000

CALFED requested, @46% overhead 1,036,821
(@10% overhead) (823,000)

Total 1,072,713
(858,892)

18

I --0 ’1 3 ’1 8 6
I-0’13’186



X. APPLICANT QUALIFICATIONS
A. Organization of Staff

The project will be under the direction and supervision of the principal investigator, Joseph J.
Cech, Jr., Protbssor in the Departmem of Wildlife, Fish, and Conservation Biology., University of
California, Davis (Task 2) and the co-principal investigator, Dr. M. L. Kavvas, Departmem of’Civil
and Environmearal Engineering, University of Californla, Davis (Task 1). R. Fujimura (DFG) will
provide additional nmnagement and support ibr fish collection (Task 3). Day to day project
~lkanagearent, implememation, data analysis, interpretation and report writing will be provided by three
post-doctoral researchers, co-investigators Drs. Christina Swanson end Paciencia S. Yoan4~ (Task 2)
and Dr. Z. Q. Chen (Task 1). Additional assistance with fish collection, fish care, fish management,
experiment implementation, data collection, data entry, preflminary data armlysls, and data quality
control and assurance will be provided by ~ and part-time post-graduate researchers, studant
research assistants, and DFG and DWR researchers and sciemific aides.

B. Collaborating Scientists (Biological Studies)

Dr. Joseph ,l. Ceeh, Jr. has been a professor at UCD since 1975 and was Chair of the Department of
Wildlife, Fish, and Conservation Biology fi’om 1992-1997. He has published more than 80 peer-
reviewed articles in ~the fields ofphysiology and physiological ecology of’fishes, and has won numerous
awards, honors and grants. He has completed eight contracts with state agencies for studies of the
physiological ecology of fisbes of the Sacramento-San Joaquin system. He is presently co-principal
investigmor, with M, L. Kawas (Department of Civil and Environmemal Engineering, UCD) on the
Fish Treadlrfill Project. Relevant publications include:

Cecil J. J., Jr., Mitchell, S. J., Casfleberry, D. T., and McEnroe, M. (1990) DLstribufion of’California
stream fishes: inllueane ol’enviromnental temperature and hypoxia. Env. Biol. Fish. 29:95-105.

Moyle, P. B. and Cech, J. J., Jr. (1996) Fishes: mad introduction to ichthyology. 3~ edition, Prentice
Hall, Englewood Cliffs, New Jersey.

Cech, .1. J., Jr., Bartholow, S. D., Young, P. S., and Hopkins, T. E. (1996) Striped bass exercise and
handling sirens in fresh water: physiological responses to recovery environment. Trans. Am.
Fish. Soc. I25:308-320.

Dr. Christina Swanson has been a post-doctoral researcher ha Dr. Cech’s laboratory for the past
seven years, working on environmental tolerances, physiology, swinm~g performance, and behavior
of Delta and upstream fishes, with an emphasis on ~ biology of’delta smelt. She was the mmmging
researcher on three successfully completed state contracts and is presemly one of the managing
biologists on the Fish Treadmi~ Project. Relevant recent publications include:

Swanson, C., P. S. Young, and J. J. Cech, ,rr. 0998) Swimming performance of dalta smelt: maximum
performance, and behavioral and kinematic limitations on swimming at submaximal velocities.
J. Exp. Biol. 201:333-345.

Swanson, C., T. Reid, P. S. Young, mad J. J. Cech, Jr. (1999) Comparative environmental tolerances
of threatened delta smelt (Hypomesus tran.~oacif?eus) and introduced wakasagi
nipponensis) in art altered Calitbrnia estuary. (submitted, manuscript available on request)

Swanson, C., P. S. Young, and J. J. Cech, Jr. (1998) Perfomaance, behavior, a~d physiological
responses of Delta fishes in two-vector flows in a fish treadnlill. Part 3. Biningleal studies using
the fish treadmill. Final Report, California Department of Water Resources. 59 pp.
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Dr. Paeieneia S. Young received her doctoral training and is preseatly a post-doctoral research in Dr.
Cech’s laboratory. She is an expert in the areas of stress and exercise physiulogy of fishes and has
spent the past five years studying the environmenlal tolerances, swimming performance, and behavior
of’Delta fishes, with an emphasis on splittMl and delta smelt. She was the managing researcher on
three successfully completed state contracts and is presently one of the managing biologists on the Fish
Treadmill project. Recent relevant publieatiotas include:

Young, P. S., C. Swanson, and J. J. Cech, Jr. (1998) Performance, behavior, and physiological
responses of Delta fishes in two-vector flows in a fish treadmill. Part 2. Illumination and
photophase effects on swimming performance and behavior of Delta fishes. Fhaal Report,
California Department of Water Resourcgs. 57 pp.

Young,P. S. and J. J. Cech, Jr. (1996) Environmental tolerances and requirements of spllttall. Trans.
Am. Fish. Soc. 125:664-678.

Young,P. S. and J. J. Cech, Jr. (1995) Environme~atal requirements and tolerances of Sacramanto
splittall, Pogoniehthys maerolepidot~ (Ayres). Final Report to the Interagency Eeoiogical
Studies Program for the San Francisco Bay/Deita. 56 pp.

Young,P. S. and J. I. Cech, Jr. (1993) Effects ofexemise conditioning on stress responses and
recovery in cultured and wild young-of-the-year striped bass (Morone saxatilis). Can. J. Fish.
Aquat. Set. 50:2094-2099.

Dr. M. Levent Kawas has been a professor in the Departn’~nt of Civil and Environmental
Engioeermg since 1985 and Director of the UCD Hydraulics Laboratory since 1991. He is the author
of inure than 75 journal and proceedings publications in the ztreas of’hydraulic and hydrologic
engineering. Iris areas of specializatinn include: phys’~eal hydraulic modeling o£environmentat fluid
flows, pollutant and sediment transport, and modeling of hydrologic processes such as overland flow,
erosion, arm infiltration. He is presently principal investigator in the Fish Treadmill project. A rece~lt
relevant publicaflons is:

Vclagic, E., M. L. Kaw-as, W. Summer, and others (1996) Fish Screen test apparatus with variable
two-vector flow conditions: hydraulic model. Final Report for Callf6rnia Delr, u’tment of Water
Resources contract B-58719.

Dr, Z.Q. Chen is a Research Engineer and the manager of the UCD Hydraulics Laboratory. He has
worked on various hydraulic modeling studies |br more than ten years, and currently is the lead
hydraulic engineer for the Fish Treadnlill Project. Dr. Chen specializes in physical hydraldic models,
hydraulic engineering, and hydrological modeling. A recent relevant publication is:

Chen, Z. Q., E. Velagic, A. Kar~.kas, E. Dogrul, H. Bandeh, W. Summer, and M. L. Kawas (1998)
Performance, behavior, and physiological responses of Deka fishes in two-vector flows in a fish
treadmill. Part 1. Hydraulics Studies. Final Report, Calff’orrda Department of Water Resources.
42

Robert Fujimura is a biologist with the Bay/Delta divisinn of DFG and has been working with the
Fish Treadmill project since the initiation of binlogical studies using the apparatus. Iie will serve as
primary Interagency liaison for fish collection, and assist the UCD staff in experimental design,
implementation, and data arralysis, and data quality control and assurance for the Fish Treadmill
experiments.
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Certifications Regarding Debarment, Suspension and
Other Responsibility Matters, Drug-Free Workplace

Requ~rement~ and Lobbying

PAR3- A: Certification Regarding Debarment, Suspension, and Other Responsibility Matters -
Prirna~t Covered Transactions
CHECK__IF 7N15 O~RTIFIOA T/ON I~° FOR A PR/MA~Y COV;~R~E) TRANSACTION AND IS APPLICABI.E.

(1) The prospective pdmar~ participant terries to the best of its kncwledoe and belief, that it and its principals:
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employees {er violation of such orohibkion;

(1) The danger-s, of drug abuse in the wo~-kplace:
(2) 3"he grantee ~ r:ollcy of man.tanning a drug4ree workplace:

(b), (c). (d). (e} and (O-

Department of Wildlife, ~ish, ~ Conservation Bioloqy, Univers±~y o2
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S GNATURE O~4(~ED~:RTIFYING OFF[CIA_

Fay Yee
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reducing this burden to the Office of i~lanagoment and I~dget, Paperwork Reduction Project (D348-0040), Washington DC 205(33.

PLEASE DO NOT RETURN YOUR COMPLETED FORM TO THE OFFICE OF MANAGEMENT AND BUDGET.
SEND IT TO THE ADDRESS PROVIDED BY THE SPONSORING AGENCY.

proper accounting system in accordance with genera y Service Act of 1912 142 U.S.C. §§290 dd-3 ant 290 ee

1970 (42 U S.C. §§4728-4763) relating to prescribed reau~rements of T~tles    and II of II~e Uniform

I --01 31 94
1-013194



amended (42 U.S.G. ~7401 et seq,); (g) protection of 17. W~[t cause to ~e ped~e~ the required financiat an~

~~

Fay Yee

APPLICANT
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BUDGET INFORMATION -Non-Construction Programs

Grant Program Catalog of Federal Esbmated Unobli~ated Funds New or Revised Budget
Function Domestic Assistance

Federal Non-Federal Federal Non-Federal Total
or Activity Number

(a) (b] (c) (6) (e) (f) (g)

3. CDFG 145,520 145~520

4

GRANT PROGRAM, FUNCTION OR ACTM’I~" TOtal
I 6. Object Class Categories

o ’~I ) i(2} (3) (4) (5)

r.o b Fringe Bene~T~s ]4,856 52,496 15,220 102,574

c. Travel 10,000 400 10,400

d. Equipmem                                                   10,000           2,000                              12,000

e. Supplies 11,568 36,000 5.3C~ 52,868

f. Contractual 0 2,5[:0 Z,500

i. Tatal Direct Charges (sum of 6=~h} Z60,911 ;356,172 124,350 741,433

j. Indirect Charge~ 115,684 t57,066 21,0~0 293,840
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UNIVERSITY OF CALIFORNIA, DAVIS

April 14, 1999

Yolo Cotmty Board of Superwsors
625 Court
Woodlattd, CA 95695-3448

Dear Sir or Madam.

This letter to inf~rm you that [ have submitted a proposal entitled "Fish Treadmill-Developed Fish
Screen Criteria for Native Sacramento-San Joaquin Watershed Fishes" to the CALFED
Ecosystem Restoration Progrmm The work described in the proposal will be conducted at the
University of Californln, Davis, in Yolo County.

Sincerely,

Joseph J. Ceeh, Jr.
Professor

ce: CALFED Bay/Delta Program
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UNIVERSITY OF CALIFORNIA. DAVIS

April 14. 1999

YoIo County Planning Dopartmc~t
292 W, B~amer
WoodLand, CA 95695

D~ar Sir or ~

~s ~t~r to ~ you t~t I ~ve su~t~ a pmpo~ ent~ "F~h Tr~-~velo~d F~h
Screen Cr~e~ ~r Nat~e ~nt~S~ Jo~ Wat~ed F~s" to ~� C~D
E¢o~ Remomt~n Pro~ ~e work de~n~d ~ ~ ~ ~ ~ ~uct~ at ~

S~¢rely,

ffo~ph J. ~ Jr.
Pro~sor

¢c: CALFED Bay/Delta Program
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